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ECCENTRIC SUDING VANE EQUIUBRIUM ROTOR DEVICE AND ITS APPLICATIONS 



(57) This invention relates to an eccentric equilib- 
rium rotor device applicable for fluid positive-displace- 
ment devices such as compressors, pumps, blowers or 
motors, having two integraDy crossed and equally 
weighted sliding vanes fixed in the cross-shaped sliding 
path in the body of the hollow rotor ard perpendicular to 
each other. At the centers of the two slides there are 
projecting studs provided with coupler rings by which 
balancing between the inertial force of the motion of the 
slides is obtained. This invention also relates to a rotary 
engine using many kinds of fuel, which is constituted by 
a compressor in coaxial tandem with a gas motor. Both 
of the said compressor and the gas motor have an 
eccentric equilibrium rotor with a single sliding vane, 
and a corrtbustioh chamber is provided theret>etween 
and communicates with them. 
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Description 

Field of Technology 

[0001] This invention relates to an eccentric sliding 
vane equilibrium rotor desnce. and in particular it relates 
to an eccentric sliding vane equilibrium rotor device 
such as a fluid displacement compressor, pump, blower, 
and motor, as welt as its applications. 

Backi;iround of TechnolOQV 

[0002] In the present technology, the majority of 
eccentric sliding vane rotors used In pumps, compres- 
sors, and pneumatic and hydraulic motors use divided- 
type sliding vanes, and when the rotors are rotating, the 
movement of the tips of the sliding vanes pressed 
against the cylinder wall produces very great friction 
and tiie sliding vanes are easily wom down. This 
increases waste arxl shortens the I'lfe of the motor. 
Eccentric sliding vane rotor machines once attracted 
long-term attention in the engineering field and pro- 
duced many different kinds of improved schemea In 
some low-4ifk oil pumps for aircraft integrally crossed 
sliding vanes were used, the contour of the inner wall is 
fbmned by splicing togettier several sections of arcs, and 
there is some improvement of the stress conditions of 
the sliding vanes compared with the stress of non-inte- 
gral sliding vanes. U.S. patents 4.929.159 and 
4.958.995 each think of ways to balance the centrifugal 
force during rotation of tiie sliding vanes, their struc- 
tures are comparatively complex, and it is difficult to 
solve the dynamic pressure of the sliding vanes on the 
sliding paths. Eccentric sliding vane rotor-type 
machines are mainly used in small and medium-sized 
cold engines, and at present there have not been seen 
reports of successful slidofig vane blowers and heat 
engines. 

[0003] Reciprocating piston machines began from 
the bellows used in China's metallurgical industry of 
antiquity, and tiiey have continuously developed in the 
manufacturing of steam engines arxj Intemal combus- 
tion engines. However, due to tiie limitations of tiieir 
inherent structures, the thermal efficiency of steam 
engines is lower than 22%. tfie thermal efficiency of 
gasoline engines is about 26-40%. arKi the thermal effi- 
ciency of diesel engines is about 30-46%. and further- 
more, it is most difficult to ti^y to raise the thermal 
efficiency and relative power. In order to improve tradi- 
tional heat engines, people have explored many kinds of 
rotating piston engines. anx)ng which the most famous 
is the Wankel rotary engine which uses a cydoid- 
shaped cylinder. From the 1960s to the eariy ig70s. 
that engine was once mass produced and was used in 
the automotive industry but in the 1970s, under the dual 
assault of the global oil aisis and laws of various coun- 
tries emphasizing environmental preservation, it was 
gradually removed from the market, and only a very few 



makers continue development and production of a small 
quantity of products in such areas as motor vehicles, 
military mobile power supplies, and special vehicles and 
ships. On tiie other hand, although low-power gas tur- 

5 bines have great relative power, good equilibrium, and 
little waste from mechanical friction, tiiey are compara- 
tively deficient in power output characteristics such as 
power required for automobiles and torque of speed 
interval, and the high-speed interval also requires 

10 matched transmission equipment with the result that 
the operating cost is expensive. Therefore, it is difficult 
to serve as a commonly-used engine. 

Details of the Invention 

IS 

[0004] The first aim of the present invention is to 
design a kind of eccentric sliding vane equilibrium rotor 
(abbreviated as ESVER) device that can balance the 
inertial force of the movement between the sliding 

20 vanes or between the sliding van^ and the equilibrium 
units. 80 as to reduce or eliminate the dynamic pressure 
of the tips of tiie sliding vanes on the cylinder wall and 
of the sliding vanes on the sliding paths, to lower the 
waste from friction, and to improve the seal environ- 

25 ment 

[0005] The second aim of the present invention is to 
use the ESVER device in a presentiy-existing sliding 
vane cold engine, to improve its major peribrmance indi- 
cators, such that it can be competitive with and achieve 
30 superiority to other fluid displacement cold engines, arxl 
to devetop blower-type products and other coM engine 
product using ESVER. so as to expand tiie scope of 
use of slicfing vane machines. 

[0006] The third aim of tiie present invention is to 
35 use tiie ESVER device to develop many kinds of 
energy-saving fuel engines; tiiat machine should com- 
bine the total advantages of traditional fluid displace- 
ment machines and traditional impeller machine that 
is, it should have the piston engine s correspondingly 
40 fixed compression ratio and expansion ratio under dif- 
ferent rotation speeds, as well as rotation speed, torque, 
and power output characteristics when used in an auto- 
mobfle. and it should also fiave tiie inrpeller machine's 
separation of compression process and expansion 
45 process of the working medium, mutually independent 
combustion chambers, and characteristics such as high 
relative power and equilibrium; its thermal efficiency 
shoukl be Ngher tiian that of the present traditional heat 
engines, and it should be an engine with high perform- 
so ance and low emission of pollutants. 

[0007] The ESVER device is realized in the follow- 
ing manner: 

[0008] An eccentric sliding vane equilibrium rotor 
devk^ including a rotor body placed eccentrically inside 
55 a cylinder body, eccenti-icity e. and a radial hiding patii 
evenly spaced on the rotor, characterized in tiiat: the 
rotor body has a hollow part, tiiere is at least one pair of 
equally-weighted members moving perpendicular to 
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each other In the radial sliding path of the rotor body, 
and at least one of them is an integrally intersected slid- 
ing vane; there are centra! studs or shaft holes on said 
equally weighted members crossing the centers of 
mass of said equally-weighted members and running 
parallel with the axis of the rotor body, and they are con- 
nected by a movement restraining unit: and the inertial 
face of the movement of said equally-weighted mem- 
bers is nuitualiy balanced through said movement 
restraining unit. 

[00091 The ESVER device of the present invention 
also can be realized through the fbllowmig schemes: 
[0010] The central studs or shaft holes of said 
equally-weighted members are connected by a rigid, 
flexible or pliable movement restraining unit, said move- 
ment restraining unit Is a ooijpling ring, and the coupling 
ring is fitted outside the central studs of said equally- 
weighted members, so as to constrain the optimal 
center distance between the two central studs to e. Said 
movement restraining unit has a connecting rod pro- 
trucfing in tx>th directior^ and running parallel to the 
studs, two protruding studs are located on both sides of 
the connecting rod t>ody. and their optimal center dis- 
tance is e. One of said equally-waghted members is an 
integrally intersected sliding vane, the other is a mem- 
ber causing a balancing action, and they can form a sin- 
gle-sliding vane-type eccentric equilibrium rotor device. 
Said equally-weighted members both are integrally 
intersected sliding vanes, and they can form a dual-slid- 
ing vane or four-sliding vane or six-sliding vane or multi- 
ple-sliding vane-type eccentric equilibrium rotor device. 
Said integrally intersected sliding vane is constituted by 
a sliding vane frame and a sliding vane sealing unit or 
scaling unit assemt^ly; the sliding vane frame includes 
two sliding vane bodies, a linking cross member 
between the two sliding vane bodies, and a protruding 
stud or shaft hole in the center of the linking cross mem- 
ber; the sliding vane frame can be a single conponent. 
or it can be an integrated member composed by suitably 
processing a plurality of components, and the eccentric 
sliding vane equilibrium rotor device has at least one 
sliding vane frame; the sliding vane sealing unit or seal- 
ing unit assembly includes an elastic element and a link- 
age unit, a T-shaped sealing unit or wear-resistant 
spring-type sealing unit sealing the tip of the sliding 
vane, and a self-expanding-type sealing sheath or self- 
expanding-type quasi-surface contact sealing sheath 
sealing the entire sliding vane body Said rotor t)ody can 
have a half-hollow part or have a single hollow part or 
have a plurality of hollow parts. Application of said 
eccentric sliding vane equilibrium rotor device in all 
kinds of corrpressors, pumps. fc)k>wers. and motors 
results in an energy-saving multiple-fuel rotary engine, 
utilizing an eccentric sliding vane-type equiltorium 
rotary conpressor and an eccentric sliding vane-type 
equilibrium rotary gas motor being cascaded coaxialty. 
and being connected by a conrisuslion chamber there- 
k^tween. 
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Rgure 1 is a concept drawing of the first emk>odt- 
ment. being a dual-sliding vane ESVER compres- 
sor, vacuum pump or pneumatic motor; 

Rgure 2 is a connparative drawing of pressure dis- 
tribution of sliding vanes and cylinder wall in the 
present tectviology and the ESVER device; 

Rgure 3 is an explanatory drawing of a planar iso- 
chordal curve and its charactertetics; 

Rgure 4 is a concept drawing of a sliding vane in ah 
ESVER machine; 

Rgure 5 is a concept drawing of seven kinds of 
ESVER sliding vanes and sealing schemes; 

Rgure 6 is a schematic of the layout of hollow rotor 
bodies and sliding vanes of traditional ESEVERs; 

Rgure 7 is a concept drawing of the second emtxxl- 
iment being a dual-sliding vane ESVER blower and 
large-scale pneumatic motor; 

Rgure 8 is a concept drawing of the third embodi- 
ment, being a dual-sliding vane ESVER fluid pump 
and hydraulic motor; 

Rgure 9 is a schematic of the fourth embodiment, 
being a four-sliding vane ESVER; 

Rgure 10 is a concept drawing of the fifth embodi- 
ment being a single-sliding vane ESVER heat 
engine motor or compressor; 

Rgure 11 is a stereo view of the sixth emt>odiment, 
being a dual-sliding vane ESVER with restraining 
unit as connecting rod; 

Rgure 12 is a concept drawing of the seventh 
emk>odiment. being a nudtistage expansion ESVER 
steam motor; 

Rgure 13 is a concept drawing of the eigtrth 
embodiment, being ah ESVER energy-saying mul- 
tiple-fuel rotary engine; 

Rgure 1 4 Is an elementary diagram of the operation 
of tiie ESVER engine. 



55 Prefen-ed Embodiments of the Invention 

[0012] Rgure 1 is the first preferred embodiment of 
the present invention; it is a dual-sliding vane ESVER 



IS 



20 



25 



30 



35 



40 



45 



SO 



3 



XJCID: <EP 10ie7B5A1_L> 



5 



EP1 016 785 A1 



6 



conpressor. vacuum pump or gas motor. In Figure 1. 
there is a pair of integrally intersected and mutually per- 
pendicular equally-weighted sliding vanes placed in the 
sliding path of the rotor body, sliding vane 81 situated in 
the vertical position and sliding vane S2 situated in the 
horizontal position (composed of two units S2* and S2" 
spliced together). The rotor txxly is a two-unit spliced 
type, and there is a cavity in the center. 51 resembles 
the letter T being symmetric top and bottom, the two 
parts top arxl bottom are the sliding vane body, the nar- 
row center part is a linking cross member, and on both 
sides of the center part of the linking cross member, 
there are central studs al* and al" extending outward, 
running parallel with the axis of the rotor body and fol- 
lowing the central axis of the slkling vane; sliding vane 
S2 (S2* and 82**) resent)les two narrow letters *r (in 
Figure 1-A. only the cross section of the linlong cross 
member can be seen), the widths of its siding vane 
body and linking cross member being only half those of 
the vertical sliding vane, and the sum of the weights of 
the two horizontal sliding vanes fc>eing comparable to 
that of the vertical sliding vane. The two horizontal slid- 
ing vanes are spliced together, the central part forms a 
rectangular hole, and each has a central stud a2' and 
a2" extending inward, running parallel with the axis of 
the rotor t>ody and following the central axis of the slid- 
ing vanes. Since sliding vanes SI and 82 are centrally 
axi-symmetric components with even weight distrSau- 
tion. their centers of mass are necessarily on the point 
of intersection of each central axis and the central hori- 
zontal sectional plane of the cylinder body. The central 
horizontal sectional plane of the cylinder body also is 
the plane of motion of the centers of mass of the sliding 
vanes. The diameterB of the central studs of the sliding 
vanes are both cf. R1 and R2 are two coupling rings, 
they are separately mounted on the outsldes of the two 
pairs of central studs, their internal diameters 
D = e + c/, generally d < e, and they cause the maxi- 
mum center distance of the two central studs to be e. 
[0013] The above-mentioned rotor with sliding 
vanes and coupling ring is eccentrically installed Into an 
approximately isochordal curve-shaped cylinder kx)dy. 
and the eccentricity is e. A sealing arc is processed out 
at tiie location of contact of the rotor with the cylinder 
body; a seal slot is processed out at the top part of the 
sliding vane, and a graphite or potytetrafluoroethylene 
seal F is inserted so as to be capable of sliding freely 
following the radi£U direction. The entire rotor also can 
rotate freely from the front and t>ack cylinder heads and 
bearing support. When the moment of extemal force 
drives the rotor to rotate clockwise at angular velocity w. 
an air inlet on the right side draws in air, the air is com- 
pressed in a displacement chamber, and then it is 
exhausted from an air outiet on the left side. Fblbwing 
rotation of the rotor, tiie sliding vanes are sut>stantially 
performing planetary movement; that is. the centers of 
mass of the sfiding vanes revolve around, the central 
axis (virtual axis) of the coupling ring at angular velocity 



Wg, and at the same time tiie sliding vanes also rotate 
around their own central studs at angular velocity w. fur- 
thermore, the angular velocities of the rotation and rev- 
olution have a relationship of Wg = 2w; tiie axis of 

5 rotation of tiie sliding vanes and the central axis of the 
central studs (or shaft holes) overlap each ottier. the 
sliding vanes (or equilibrium units) and coupling ring 
jointiy compose a planetary rotational system with the 
central axis of the coupling ring as the axis of rotation. 

10 the inertial force of movement of this group of equally- 
weighted sliding vanes is nrutually balanced through the 
coupling ring, ttiere is no longer dynamic pressure of 
the tops of ttie sliding vanes on the cylinder wall and the 
sliding vanes on the sliding path in general, the stress 

15 conditions of the sliding vanes achieves Improvement, 
the frictional waste achieves lowering, arvi at the same 
time a better sealing environment is otstained. When the 
air inlet is connected to a fixed container, that machine 
is a vacuum pump; when air having a specific pressure 

20 taken into tiie cyiirxJer body from the outside drives the 
rotors to rotate and moving force is output from the 
shaft tiiat machine is a pneumatic motor. 
[0014] Rgure 2 shows a comparison of pressure 
distrixjtion of the sliding vanes on the cylinder wall in 

25 the present technology and an E8VER device; the tracfi- 
tional divided-type slicing vanes all have dynamic pres- 
sure on the entire cylinder wall (Figure 2-A). the 
traditional intersected-type sliding vanes partially have 
dynamic pressure on the lower half of the cylinder wall 

30 (Figure 2-B), and when the sliding vanes in the ESVER 
device do not have a seal installed, thetips of ttie sliding 
vanes very rarely contact tfie cylinder wall, and tiie cyl- 
inder wall does not receive dynamic pressure (Rgure 2- 
C). 

35 [001 5] Figure 3 is a planar isochordal curve and Hs 
character^cs; four ends of a pair of sliding vanes in tiie 
above-mentioned rotor during planetary rotational 
movement created the basic form of the cylirxler tx>dy of 
the ESVER machine -- the planar isochordal curve; it 

40 can be seen that the isochordal curve is a kind of 
cydokj. Rgure 3-A shews one planar isochordal curve 
when X s B/e » 4 ; Rgure 3-B shows a family of planar 
isochordal curves when A changes from 2 to 8. 
[0016] The Cartesian coordinate equations of an 

45 isochordal curve are: 

Xs(S. e .Sin e). Cose 
y e (6 - e . Sin e) . Sine 

so 

Hs polar coordinate equation is: 
p = S - e . Sin© . 

[001 7] In the atx>ve formulas, 6 and e generally are 
constants, and e is tiie angle variable. anrxHig which: 

55 

B - called polar radius, equal to one half of the hor- 
izontal chord lengtii, ttie polar diameter lengtti is 
28. 
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* ^ e - ^C9entridty. is the distance of the central axis of 
the rotor body offset from the central axis of the cyl- 
inder body, it is also the optimal center distance 
between the central studs of the said equally- 
weighted members fintegrally intersected sliding 
vanes or equilibrium units). 

e - rotational angle of the rotor body, it is also the 
rotational angle of the integrally intersected sliding 
vanes. 

X » called radial deflection ratio. X = B/e. 

[001 8] An isochordal cun^e has two Important char- 
acteristics: 

(1) Any chord length crossing the polar core is iden- 
tically equal to the fixed length 28. Based on this 
characteristic, that family of curves is called iso- 
chordal curve, that characteristic ensures that a 
sliding vane having a fixed length of 2B can freely 
rotate around the polar core (that is, the central axis 
of the rotor) in a cylinder body having an isochordal 
curve as the main outline of the inner wall, and the 
theoretical gap between the tip of the sliding vane 
and the cylinder wall at any rotational angle can be 
identically equal to zero or maintain a constant nrun- 
imum value. 

(2) The track of any chord center point P (usually 
also the center of mass of the sliding vane) crossing 
the polar core is a circle with a diameter of e; there- 
fore the distance between the center points of any 
two chords crossing the polar core o and being per-^ 
pendicular to each other is idaitically equal to e. 
This characteristic provides the theoretical basis of 
utilizing a rigid coupling ring or other rigid, f lexit)le or 
pliable coupling unit to link up the central axes 
(axes of revolution) of a group of said equally- 
weighted members, to constrain their movement, 
and to make the inertial force of their movement 
mutually balanced. 

[001 9] Figure 4 is a concept drawing of an integrally 
intersected slWing vane in an ESVER machine; an inte- 
grally intersected sliding vane in an ESVER machine is 
mainly constituted by a sliding vane frame and a sealing 
unit- In order to distinguish from other types of sliding 
vanes, the main part of a slidng vane having a central 
stub or shaft hole used in an ESVER is called the sliding 
vane frame. As shown in Figure 4-A, the sliding vane 
frame assumes the shape of the letter "1". the entirely Is 
composed of three parts, being a central stud a, a link- 
ing aoss mentoer b, and two sliding vane bodies v and 
v*: four units can be used, two units per group spliced 
relatively as in Rgure 4-B. to constitute the pair of mutu- 
ally perpendicular ESVER sliding vanes used in Rgure 
7 and Rgure 8. Since the sliding vane frame receives 



cyclic loading, fatigue-resistant robust materials and 
skilful manufacturing should be adopted, and the central 
studs and inside of the sliding vane body should be 
wear-resistant; to make the inertial moments of the slid- 

5 ing vane frame on the O-O axis and the M-N axis tx)ih 
zero, they must have the optimal mass distribution and 
equilBDrium effect othenwise a linkage unit should be 
installed between each group of sliding vanes to make 
them become an integrated whole, a seal slot is opened 

10 at the tip of the sIkJing vane body, and a seal F made of 
wear-resistant material Is installed therein; a seal slot 
can also be opened on the end face of the sliding vane 
body, and an end face seal or angle piece can be fitted 
(all kinds of sealing schemes of Wankel rotary engines 

15 can serve as reference). A rippled spring can be 
installed in the seal slot in order to reinforce the sealing 
effect of the seal when at low rotational speed. 
[0020] Figure 5 is seven different kinds of ESVER 
sikiing vanes and sealing schmes. 

20 [0021] Rgure 5-A is a siKling vane without a sealing 
ring; the sikling vane is constituted only by a sGding 
vane frame, and it can be used in fluid pump-type 
machines; since leaks are easily produced and it 
requires comparatively high processing precision, it is 

25 generally not recommended. 

[0022] Rgure 5-B is a simple seal ribbon scheme; a 
seal slot is processed out on the tip of the sliding vane 
body, a ribbon-shaped seal called a seal ribbon is 
inserted therein, the seal ribbon can expand and con- 

30 tract radially following the sliding vane so as to compen- 
sate for gaps and wear. Advantages: simple, easy to 
marujfacture. suitat>le for all kinds of compressors, 
pumps, t>lowers, and motors; Rgure 1 uses ttiis 
scheme. 

35 [0023] Rgure 5-C is a T-shaped sealing urtit 
scheme; a T-shaped slot is processed out on the tip of 
the siding vane and a T-shaped sealing unit is inserted 
therein, the sealing unit can slkJe radially, but its wear 
conpensation is a fimited valua An approximately iso- 

40 chordal curve-shaped cylinder tx)dy is selected to 
match, the machine is sut^ected to a period of breaWng- 
in cperation, the seal gap tends toward a statute value, 
and the sealing unit and the inner wall of the cylinder 
wall come into quasi-contact condition. It is suitable for 

45 sealing a high-rotational speed ESVER machine of 
large dimensioris. 

[0024] Rgure 5-D is a wear-resistant spring-type 
sealing unit scheme; a spring of composite material is 
fixed to the tip of the sliding vane body, an approxi- 

50 mately isochordal curve-shaped cylinder body is 
selected for best match, and the inner wall of the cylin- 
der body is spray-coated with polytetrafluoroethyiene. 
[0025] Rgs. 5-E. F. G, and H are self-expanding 
sealed sliding vanes, and they are recommended 

55 schemes for experimental engines. Their common fea- 
tures are: the main sliding face of the sliding vane is 
constituted by a single sliding vane-sheathing sealing 
unit a part with e)(panding angle in the form of a "jaw" 
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has flexibility, under pressure the two outer surfaces of 
the "jaw" can return to a parallel state and it can be 
inserted into the sliding path of the rotor body, and a suf- 
ficient gap is left between the sealing sheath and the 
sliding vane body so as to prevent gripping during ther- 
mal expansion of the components. Sealing of the two 
side faces of the sliding vane and compensation for 
wear are ensured by flexibility and self-expanding prop- 
erty of the sliding vane-sheathing sealing unit and a 
f lexit}le element can be installed inside the sliding vane 
body so as to increase the pressure of the tip of the slid- 
ing vane sheath on the cylinder wall; the sliding vane 
sheath can expand and contract radieUiy* and it can form 
a seal between the tip of the sliding vane arxJ the cylin- 
der wall and compensate for wear. 
[0026] Rgure 5-E is a simple self-expanding-type 
sealing sheath scheme; it can be used on the earfiest 
experimental machine so as to observe the sealing 
effect and wear conditions, a wedge-shaped angular 
piece sealing sheath can also t>e matched so as to rein- 
force the seal of the end face of the sliding vane. 
[0027] Rgure 5-F is a masthead-shaped self- 
expanding sealing sheath scheme;- the angle at the top 
surface of the sealing unit is changed to a pin roller, the 
sliding friction is changed to rolling friction, and a fixed 
wear-resistant unit of hard alloy or corundum can also 
be installed on the top. 

[0028] Rgs. 5-G and H are setf-exparKllng quasi- 
surface contact sealing sheath schemes; a wear-resist- 
ant pin that can rotate at a specific angle is installed on 
the tp of the sealing sheath, the linear contact of the 
sealing unit is changed to approximately columnar sur- 
face to columnar surface contact or it is called quasi- 
surface contact sealing, and such is convenient for 
forming oil film lutMication and is useful for reducing or 
avoiding the formation of cracks on the cylinder wall. 
Rgure 5-G shows the radial axis of the sliding vane and 
the symmetric axis of the cylinder body positioned over- 
lapping as in Rgure 13-B. and at this time the pressure 
between the sliding vane and the cylinder wall is atx>ut 
zero degrees; Rgure 5-H shows wtien the radial axis of 
the sliding vane arxi the symmetric axis of the cylirxJer 
t>ody are positioned perpendicularly as in Rgure 13-A, 
and at this time the pressure between the slicfing vane 
and the cylinder wall has about reached the maximum 
value. 

[0029] Rgure 6 is a typical ESVER hollow rotor 
body arKi sliding vane placement scheme; the sliding 
vanes in the drawing are all simplified to the forms in 
Rgure 5- A, and the seeing units arxJ cotpling rings are 
omitted and are not drawn; different hollow rotor bodies 
and sliding vanes can have different kinds of combina- 
tions, but here only typical examples are presented. 
[003Q] Rgure 6-A is a half-hollow rotor txxiy. sliding 
vane and coupling ring placement scheme; the drawnng 
shows a half-hollow ESVER device consisting of one 
half-hollow rotor body, two sliding vanes, and one cou- 
pling ring (abbreviated as 2S1 R); in the drawing. 81 and 



S2 respectively are identical equally-weighted vertical 
and horizontal sliding vanes, a coupling ring R is 
installed around the outside of the central stud a of the 
two sliding vanes, and it is required that the inertial 

5 moments of the sliding vanes on the O-O axis and M-N 
axis kx>th be zero in order to be at)le to ensure good 
equilibrium of the v^ole rotor; one consisting of two 
bearing supports has a half-hollow rotor body with a 
cross-shaped sliding groove and a half axle, the sliding 

10 vanes and coupling ring assembly can be conveniently 
installed into the half-hollow rotor t>ody from the right 
side; that structure is simple, and it is suitable for com- 
pact-type oold engine products such as electric freezers 
and air conditioners. 

75 [0031] Rgure 6-B is two spliced-type hollow rotor 
body ESVER devices one with a single sliding vane and 
one with dual sliding vanes; it is the most typical ESVER 
device, and there are many kirKis of sliding vane and 
coupling ring placement schemes; for example two- 

20 vane two-ring type, abbreviated as 2S2R. as in Rgure 1 , 
Rgure 7, and Rgure 8; one-vane two-ring type - IS2R, 
as in Rgure 10 and Rgure 13. 

[0032] Rgure 6-C is a four-sliding vane-type 
ESVER device; in the drawing, there are two kinds of 

25 sliding vanes, two vanes of each kind, two vanes verti- 
cally as one pair, the four sikling vanes in the rotor body 
are evenly spaced at a mutual angle of 45"*. and thus is 
constituted one four-vane two-ring ESVER device, 
abbreviated as 4S2R; it is required that the inertial 

30 moments of the slkJing vanes on the GO axis and M-N 
axis bo/Hh be zero in order to be able to ensure good 
equilibrium of the wtx)le rotor. With four vanes, there are 
also schemes such as four-vane three-ring type - 
4S3R, as in Rgure 9, and four-vane four-ring type - 

35 4S4R. 

[9033] Rg 6-D is a six vane three ring-type ESVER 
device; the spliced sliding vanes situated on the two 
sides in the four vane three ring-type rotor in Rgure 9 
are respectively made independent their sliding vane 

40 txxlles are extended to equal width with the rotor body, 
the six sliding vanes are evenly spaced, each vane is at 
a mutual angle of 30^. and thus is constituted a six vane 
three ring-type ESVER device as in Rgure 6-D. 
[0034] In regard to ESVER devices, there are the 

45 following several points which require explanation: 

(1) An ESVER is a planetary rotational mass sys- 
tem constituted by many components, and it is not 
a simple rigid body; it can be proven using mathe- 

so matical dynamics or geometric method& Although 
the center of mass of the whole eccentric rotor 
mass system is biased from the rotational axis, dur- 
ing rotation the center of mass always maintains 
relative stasis, and thereby it becomes an eccentric 

55 equiltorium rotor. The core concept of the ESVER 
device is: there is at least one pair of equally- 
weighted members (integrally intersected sliding 
vanes or equilibrium units) moving perpendicular to 
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each clher in the e/enly spaced radial sliding path 
of the rotor, said equally-weighted members both 
have .rotating axes crossing the centers of mass of 
said equally-weighted members ar^ running paral- 
lel with the axis of the rotor, there are central studs 
or shaft holes on said equally-weighted members 
following said rotating axes, and they are connected 
by a movement restraining unit; and during rotation 
of the rotor body, said equally-weighted members 
perform mutually balanced planetary movement, 
and their inertial force is mutually balanced through 
said movement restraining unit. 
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(7) In actual machines, a pair of mutually perpen- 
dicular sliding vanes can be used to form a machine 
type dividing the cylinder body into four displace- 
ment chambers, and two pairs or three pairs of 
nrujtually perpendicular evenly spaced sliding vanes 
can also be used to form machine types dividing the 
cylinder body into eight or twelve displacement 
chambers, such as in Figure 6-C and D; it is also 
possible to manufacture machines having more 
I than twelve chambers or machine types with odd 
nunt>er5 of sliding vanes, but the structures are too 
complex and the use value is not great. 



(2) TTie main characteristic of the ESVER device Is: 

the central stud or shaft hole of said equally- is 
weighted members is connected ty a ri^d, f lexft^le 
or pliable (such as an endless chain or wire cable 
ring) movement restraining unit, and the specific 
connection methods are determined according to 
the structures, dimensions, and working conditions 20 
of the actual machines. 

(3) A coupling ring is the most simple central shaft 
movemertt restrairting unit to use; when the diame- 
ters of the central studs of the equally-weighted 2S 
members are equal and are d, the optimal inner 
diameter of the coupling ring is D^e + d. gener- 
ally d < e: the surface of the inner ring of the cou- 
pling ring must be wear-resistant, the entirely 
requires high strength and high tenacity. 30 

(4) A Shaft hole can also be fomned in the location 
of the central shaft of said equally-weighted mem- 
bers, and then a shaft pin can be pressed in and 
fixed; or a shaft bearing can be installed in the shaft 35 
hole. Said movement restraining unit thus has a 
connecting rod protruding in Ixrth directions and 
running parallel to the studs, two protruding studs 
are located on kxjth sides of the connecting rod 
body, and their optimal center distance is e; the two 40 
shaft journals of the connecting rod respectively 
can be fitted with the shaft bearing, and they can 
rotate freely. 

(5) In an ESVER machine, an isochordal curved. 45 
approximately isochordal curved or standard round 
columnar <^indf r body (theoretical cylinder radius 
Rbo + e ) ) can be used, and experience 
proves: the ESVER operates freely and stably in a 
round cylinder, it has good equilforium, sealing so 
property, and manufacturabirity. 

(6) One of a pair of nruitually perpendicular sliding 
vanes can be turned into an equilibrium unit or 
equilibrium guide pillar which purely causes an ss 
equilibrium effect, and ft can form a single sliding 
vane-type eccentric equilibrium rotor device. 



(8) As future ESVER machines gradually increase 
in speed and increase in external dimensions, H is 
better to use high-strength alloys and precision 
casting methods for the sliding vanes to make them 
into hollow units (approximating gas turbine Wade 
processing), or high-strength light-vveight materials 
for aircraft airfoils are used with such processes as 
gluing. weWing or riveting to make them into com- 
posite sliding vanes, so as to make them have high 
feitigue strengtii and as little weight as possible. 

(9) The ESVER is suitable for use in the devefop- 
ment of all kinds of cold engines such as compres- 
sors, pumps, blowers, and pneumatic and hydraulic 
motors, it can reduce energy consumption, reduce 
relative weight, and extend the lifetime of use; such 
machine has good potential for increase of speed 
arKi capacity of the rotors, it also has enormous 
potential for increase of capacity by enlarging the 
external dimensions of the nriachine k>ody, it can 
inaease the displacement volume of sliding vane- 
type machines by multiples, even ten times or sev- 
^al tens of times, and it will t)e useful for expanding 
the scope of application of sliding vane-type 
machines. 

(10) The ESVER also should be suitable for use in 
high-thermal efficiency rotor steam or gas motors 
having a working mecfium of high-temperature high- 
pressure steam or combustion gas and converting 
thermal energy into mechanical energy, and it can 
be used in the development of many types of 
engines having high thermal efficiency. 

[0035] Figure 7 is the second emtxxiiment of the 
present invention, being a dual-sliding vane ESVER 
blower and large-scale pneumatic motor; in this, for one 
pair of integrally intersected sliding vanes, four identical 
sliding vanes relatively spliced together to become as in 
Rgure 4-B are used, and t>6tween them are used two 
coupling rings, nrurtually talanced. Sliding vanes of the 
types in Figs. 5-B. C. and D can be used to manufacture 
a tslower. That structure also can be used in the nrianu- 
facture of a dual-sliding vane ESVER steam or gas 
nrwtor. only the working medium is changed to pressu- 
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rized steam or corrdxistion gas. In order to reduce the 
corrosive action of high-temperature water vapor and 
reduce waste from friction, all components such as cyl- 
inder body, cylinder cap. rotor txxSy. sliding vane groove, 
and sliding vane set should be spray coated with poly- 
tetrafluoroelhylene, and if the temperature of the com- 
bustion gas is too high, the cylinder body should be 
water cooled. This structure can be cascaded in multi- 
ple stages to manufacture a high-pressure compressor, 
or to serve as an intermediate experimental machine for 
a multistage ESVER high-pressure steam motor; it can 
also be independently used in a blast fumace blower or 
a drive motor for blast fumace coal gas overpressure 
power generation or tow-heat steam power generation. 
[0036] Figure 8 is the third embodiment of the 
present invention, being a dual-slicing vane ESVER 
fluid pump arKi hydraulic motor; the structure is the 
same as in Rgure 7. and since the fluid cannot be com- 
pressed, the inlet and outlet should be modified; the 
sliding vanes in Figs. 5-A. B, and C can be used during 
manufocturing. When external mechanical force drives 
the rotor to rotate clockwise, the fluid is drawn in from 
the hole on the right and is discharged from the hole on 
the left and this is a fluid pump or quantum pump; when 
pressurized oil is fed in from the hole on the right and 
the rotor is driven to rotate clockwise to output mechan- 
ical force, that machine is an oil motor; when pure water 
in a water reservoir is used to propel it to rotate, that 
machine is a water motor; if many cylinders in tandem 
cause the water inlets and outlets to be in staggered 
placement and balance well the wate- pressure on the 
main shaft bearing, it is also possible to manufacture a 
water-saying ESVER "water turtaine". When used in an 
oil transfer pump, in order to reduce piising of the flow 
rate, a four-vane machine scheme can be used or an 
accumulator can be placed in the channel; that scheme 
is suitat>le for use in cases of special applications such 
as thick oil pumps, gas-fluid two-phase pumps for mixed 
transfer of petroleum and natural gas, and water-oil two- 
phase pumps. In order to reduce the corrosive action of 
water and reduce waste from friction, the whole cylinder 
body, cytirKJer cap. rotor body, sliding vane groove, and 
sliding vane set should be spray coated with poly- 
tetrafluoroethylene or they should t>e manufactured 
using corrosion-resistant materials. 
[0037] Figure 9 is a concept drawing of the fourth 
embodiment, being a four-sliding vane three-ring-type 
gas compressor; two groups of mutually perpendicular 
integrally intersected sliding vanes are placed evenly 
spaced in the rotor body, it is required that the weight 
distribution of equally-weighted sliding vanes S3 arxJ S4 
placed at 45*^ angles in the drawing can ensure that the 
center of mass is situated at the point of intersection of 
the central shaft and the central horizontal sectional 
plain of the cylinder body, and the viertial force of the 
two sliding vanes can be balanced using one coupling 
ring R1 between them; sliding vanes S1 and S2 are 
mutually balanced through couping rings R2 and R3; 



four-vane machines have many kinds of structural 
schemes, and because the cylinder body is divided into 
e^ht chambers, it is useful in increasing the compres- 
sion ratio and reducing redundant compression. 

5 [0038] Rgure 10 is the fifth embodiment being a 
single-sliding vane ESVER gas motor (when backward- 
rotating, it is a compressor); there is only one sliding 
vane in the rotor, another sliding vane is converted into 
an eqi^lly-weighted guide pillar, and the two top sur- 

10 faces of the guide pillar no longer extend from the round 
columnar surfece of the rotor body, by this the length of 
the sealing line is reduced, and it can have compara- 
tively greater compression ratio or expansion ratio; 
when used as a compressor, a cheek valve generally 

75 must be placed at the gas outlet or an exhaust groove 
is opened on the round columnar surface of the rotor, 
and when arriving at the predefined compression ratio, 
the gas inside the compression chamber is jointly 
exhausted through the exhaust groove and the gas out- 

20 let; at other rotational angles, the gas outlet is closed ksy 
the round columnar surface of the rotor. When used as 
a gas nrotor, the length of the gas intake groove opened 
on the round columnar surface of the rotor body or the 
corresponding rotational angle determines the gas 

25 expansion ratio. This scheme can independently manu- 
facture products, but the main purpose is to serve as an 
intermediate experimental version of an ESVER engine. 
[0039] Rgure 11 is a stereo view of the sixth 
embodiment being a dual-sliding vane ESVER with 

30 restraining unit as connecting rod; the drawing shows 
that there is a shaft hole in the central position of sliding 
vanes Si and S2, the central shaft movement restrain- 
ing unit is a connecting rod L protruding in both direc- 
tions and running parallel with the studs, and the 

35 optimal center distance of the two studs is equal to e. 
The two shaft journals of the connecting rod respec- 
tively shouki be able to be fitted with the central shaft 
hole and be at>le to rotate freely, and the inertial force of 
the movement of the two sliding vanes can be mutually 

40 t>alanced through tNs connecting rod. That scheme is 
surtat)le for use in mass-produced products in which the 
central shaft hole of the sikling vanes can be directly 
pressure cast. 

[0040] Rgure 12 is a concept drawing of the sev- 
45 enth embodiment, being a multistage expansion 
ESVER steam nrxrtor; high-temperatiffe high-pressure 
steam supplied from furnace Q first enters the frst 
stage in the center, after the action of expansk>n it 
enters steam superheater H to raise the temperature. 
50 furthermore it continues to expand up to the last stage 
outside, and the discharged spent steam arxj water are 
recirculated back to the fumace and are converted into 
high-temperature high-pressure steam for reuse. The 
main structural characteristics of that machine are: a 
55 plurality of ESVER pneumatic motors placed coaxially 
becomes in a symmetrical placement, the high-pr^- 
sure cylinder has a small bore and is situated in the 
center, the cylinder bores at each stage extending in 
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both directtens are gradually increased, the low-pres- 
sure cylinder has the greatest bore and is situated at the 
outernrtost side of the two sides, adjacent cylinder bod- 
ies are pikced respectively apart at ISO'', the gas inlets 
and outlets between each stage are placed staggered 5 
and symmetrically, and as long as the diameter and 
length of the rotor are suitably designed, the radial gas 
pressure acting on the main shaft bearing of the rotor 
can be reduced or eliminated. The radial pressure of the 
gas on the rotor in the high-pressure stage of that w 
machine can achieve comparatively better equilibrium, 
and since comparatively better themiodynamic periodic 
duty can be selected, operation at low speed also can 
have comparatively better thermal efficiency. Under 
conditions of gradual reduction of global petroleum 15 
resources, the use of coal gas and nuclear energy as 
alternate energy supplies to drive large-scale shqps 
could be a condition for development and manufacturing 
of large-scale multistage ESVER steam engines. 
Reverse operation off that scheme can be used m man- 20 
ufacturing high^^ressure compressors. 
[0041 ] Rgure 1 3 is a concept drawing of the eighth 
embodiment; it uses an ESVER device to develop an 
energy-saving multiple-fuel rotary engine; the structural 
princples and enrtbodiments of the ESVERs previously 2S 
described were mainly preparations made for develop- 
ing ESEVER engines. Many kinds of engines can be 
formed by using the afore-described ESVER gas conv 
pressor and ESVER gas motor cascaded coaxially and 
connecting a combustion chamber flierebetween. Rg- 3o 
ure 1 3 is an engine designed using a single^iiding vane 
ESVER device; Rgure 13- A is a horizontal sectional 
view of a single-sliding vane gas motor. Rgure 13-B is a 
horizontal sectional view of a single-sliding vane com- 
pressor, and Rgure 13-C is a vertical sectional view of 35 
the whole machine. 

[0042] A single-sliding vane ESVER compressor 
(Rgure 13-C-l) and a gas motor (Rgure 13-01I) having 
the same structure except that the widths of the cylinder 
body and sliding vanes are increased up to f times (f = 40 
1.2-2. in this drawing f = 1.4) are cascaded coaxially. 
arid the symmetric central axes PQ and XY of the hori- 
zontal sections of the cylinder bodies of the two 
machines are perpendicular to each other. There is pro- 
vided a long round columnar combustion channber 3 on 45 
the bisector of the angle of the two central axes and a 
vertical axis tangential to the rotor and tine cylinder body 
and running parallel to the cylinder body, a fuel injection 
nozzle 2 is provided on the left end of tiie combustion 
chamber, and it can inject many kinds of fuel, and there so 
are two spark plugs 1 above the combustion chanfi)er. 
The capacity of tiie combustion chamber, speaking of 
the compressor, has a compression ratio of 8. and 
speaking of the gas motor, Hs expansion ratio is 1 1 2 (8 
x 1 .4). On the lower right side off the conrtbustion cham- 55 
ber. there is provided a gas inlet channel 5 connected 
with the compressor, and on the lower left side of the 
combustion chamk>er, there is provided a gas outiet 



channel 4 connected with the gas motor. A gas inlet port 
is provided on the lower right side of the conrpressor; on 
ttie round columnar surface of the compressor rotor, 
there are opened two gas inlet grooves following in tiie 
dockwvise direction starting from the two sides of the 
sliding vane and continuing for atx>ut a 75** rotational 
angle; a gas outiet port is provided on the upper left of 
the gas motor; on the round columnar surface of the gas 
motor rotor, there are opened two gas outiet grooves fol- 
lowing in the courrter-dockwise direction starting from 
tiie two sides off tfie sliding vane and continuing for 
about a 105*" rotational angia 

[0043] Rgure 14 is an elementary concept diagram 
of the operation of the ESVER engine; (A-A) and (B-B) 
in the drawing correspond respectively to the A-A and 
B-B sectional views in Rgure 13, and they respectively 
represent the gas motor and gas conpressor compo- 
nents. Above ttiem, there is drawn an enlarged combus- 
tion chaml>er, and they are connected wrth tiie 
compressor and the gas motor using gas inlet and outlet 
channels beneatii both the left and right ends thereof. A 
fuel injection nozzle Is drawn on the left end off the com- 
bustion chamber and tiiere are two sparic plugs at the 
top. The rotor in Rgure 14 is simplified as rotor bodies 
having gas inlet arvj outiet grooves opened thereon and 
flat sliding vanes that can move freely, and the other 
structures are not drawn. When this engine rotates fol- 
lowing the clockwise direction, the sliding vanes and 
rotor txxjies always divide the cylinder kxxjy into two to 
tiiree independent and sealed deflection chambers. The 
compressor completes the gas-drawing and compres- 
sion processes, tiie gas engine completes the expan- 
sion work and exhaust process, and their detailed 
working processes are as shown in the drawing; assum- 
ing tiie two sliding vanes at the start are in tiie horizontal 
position, the rotational angle off the sikiing vanes is zero 
degrees as in Rgure 14~A. When the starting motor 
drives the tandem mast^' axle to rotate following the 
clockwise direction, tiie half aescent-shaped spaces at 
the upper halves of the compressor sliding vanes are 
gradually reduced following tiie rotation and the gas Is 
compressed, and when they rotate to about a 55*" angle 
and the gas inside the compression chamt^r is com- 
pressed to about 0.4MPa. the gas inlet groove on tiie 
round columnar surface off the rotor and the gas inlet 
channel of the combustion chamber connect together 
as in Rgure 14-B, and fresh air starts to enter tiie com- 
pression chamber. At the same time, the combustion 
gas inskJe the combustion chamber which is not yet 
exhausted and has a pressure off 0.25-0.35MPa is 
squeezed through the gas outiet channel into the 
expansion chamt>er of the gas motor, and the rotational 
angle of the simultaneousty open gas inl^ channel con- 
necting tiie combustion charnber with the compressor 
and gas outlet channel connecting with the gas motor is 
as large as about 10^ (this angle stilt requires experi- 
mental optimization), and it is called the combustion 
charnber scavenging iteration angle. Following oontin- 
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ued rotation of the rotor, the squeezed out gas freely 
expands and works inside the chamt)er at the lower 
ri^ of the gas motor as in Figure 14-C. During this 
process, the gas outlet channel of the combustion 
chamber being connected to the gas engine is closed 5 
by the round columnar surface of the rotor and is kept at 
about a, 75** rotational angle. At the same time as this, 
the gas inside the compressor is continuously pressed 
into the combustion chamber, and the sealed adiabatic 
compression process is gradually completed. When the 10 
original left ends of the sliding vanes enter the rotor 
sealing zone as a result of the compression and the gas 
inlet and outlet channels are both scaled shut, the fuel 
injection nozzle irijects fuel (fuel injection can t>e earlier, 
and the optimal early angle of fuel irjection requires 75 
experimental confirmation), and the spark plugs spark 
as in Rgure 14-D; during the period when the sparks 
ignite and txjrn, the temperature and pressure inside 
the oonrtHJStion chamber are raised under nearly isovol- 
umetric conditions. When it further winds past about a 20 
20<'-30*' angle and the sliding vanes of the compressor 
and gas moHor rotate to about a 1 60"* angle, the gas out- 
let groove on the round columnar surface of the rotor 
body of the gas motor connects the combustion cham- 
ber and the expansion chamber of the gas engine as in 2s 
Rgure 14-E, high-pressure combustion gas is continu- 
ously led into the expansion working chamber of the gas 
motor and drives the sliding vanes to rotate on a hori- 
zontal tine past a 180'' angle, furthermore the combus- 
tion gas kept at 90^-100" counting from the start of 30 
expansion is led into the interconnecting angle, the 
pressure of the gas expansion continuously drives the 
sliding vanes to move right up to the next round of scav- 
enging of the comtMJStion chamt^er, the entirety of the 
comtxistion gas is squeezed into the expansion cham- 35 
ber, the gas outiet channel of the combustion chamber 
is again closed, the gas inside the expansion chamber 
of the gas motor continues to expand arxJ work following 
rotation right up to when the sliding vanes again reach 
the horizontal positions, and when the capacity of the 40 
expansion chamber reaches the maximum value, as in 
Rgure 14-F, the pressure inside the expansion ch&nt>er 
is ck)se to atniospheric pressure, and the potential 
energy of the pressure of the gas has been used to the 
greatest extent. Following that, the sliding vanes con- 45 
tinue to rotate, and when they wirxi past a 360*" angle, 
the expansion chamber arxi gas outiet port are con- 
nected, and the spent gas is exhausted as in Rgure 1 4- 
B. At tiie same time as conrpleting one half rotor capac- 
ity of exhaust the other half rotor capacity also starts so 
the next process of expansion work. 
[0044] tt can be seen that: each time the tandem 
main axle of the machine rotates one revolution, the 
compressor completes two rounds of processes of air 
intake and compresskm. the conrtxjstion chamber com- ss 
pletes two rounds of processes of aeratk>n. explosion 
and combustion, and oirtputting high-pressure working 
gas, and the combustion motor completes two rounds of 



processes of expansion work and exhausting spent gas; 
tiiat is. each time the main axle of the engirie. rotates 
one revolution, it completes two working cycles of air 
intake, compression, and combustion and expansion 
work, and exhausting spent gas. 
[0045] There are the following several points which 
require further explanation: 

(1) The four strokes of air intake, compression, 
expansion, and exhaust of redpriscating engines 
and Wankel engines are undertaken in the same 
cylinder body; air intake and conrpression of an 
ESVER engine are undertaken in a first cylinder 
body, and expansion and exhaust are undertaken in 
a second cylinder kxxly. Two rotors coaxialty cas- 
caded and connected by an independent combus- 
tion chamber therebetween have good equilibrium, 
and together witii the sliding vanes, they form an 
"impeller" having "blades" with flex&>le lengtii of 
working surface. Such structural placement is 
closer to that of a gas turbine; on the other hand, in 
small and medium-sized machine types and in gen- 
eral internal oontHJstion engines, the &uk>stance of 
the operation of their working media and thermo- 
motive conversion still pertain to fluid displacement 
machines, and viewed from the sut^stance of its 
structural placement and thermo-motive conver- 
sion, the ESVER engine Is a new type of heat 
engine between a traditional reciprocating engine 
and an impeller machine. 

(2) To continuously raise the thermal efficiency of 
engines is an eternal theme of research and devel- 
opment of heat engines; the present invention 
defines the ratio of maximum expansion capacity of 
a gas motor and the maximum gas intake capacity 
of a compressor as 1.2-2 (the specific value is 
determined by tiie extent of pressuhzation of the 
inlet gas), and this is useful in fully utilizing the 
potential energy of the pressure in the combustion 
gas. lowering the tenrperature of the exhaust gas. 
arxi raising the thermal efficiency of the whole 
engine. It was discovered in experimental studies of 
rotary machines that due to the unkiirectional fluid 
characteristics of the gas working medium, and the 
fact that there is no resistance of gas inlet and out- 
iet valves, their exhaust temperatures are higher 
than those of traditional reciprocating piston 
engines, tiie exhaust terrperature of a Wankel-type 
rotary engine during full k>ad operation is about 
SDO^C. and the thermal energy carried away with 
the exhaust gas occupies about 43% of the total 
thermal energy; although the exfmist temperature 
of a recprocating engine is somewhat lower, the 
thermal energy carried away with the spent gas is 
oonsklerably visble. In thinking of ways to convert 
the partial energy in the spent gas irrto useful work, 
using a gas turtxx^twger is one metiiod. The 
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' Ijresenf invention lowers the exhaust temperature 
to 500'*C or lower by increasing the capacity for 
expansion work, fully utilizing the potential energy 
of compression in the combustion gas and allowing 
it to fully expand, and by tWs alone it raises the ther- 
mal efficiency by 10% or higher. Because there are 
no moving parts at all inside the independent com- 
bustion chamber, it is possible to have compara- 
tively better models of combustion chambers and 
area-volume ratio, it is convenient in manufacturing 
using high temperature-resistant materials, and it is 
convenient in spray coating heat-insulating layers 
or using low heat-conducting ceramic combustion 
chambers; since the combustion frequency of the 
conftxistion chamber is four times that of common 
single-cylinder four-stroKe engines, the utflization 
rate of the combustion chamt>er is very high, the 
loss of dissipated heat is reduced, the temperature 
and pressure of combustion is comparatively higher 
v^en equal quantities of fuel are injected, and it is 
useful for full combustion of the fuel, improving the 
quality of the exhaust gas. and reducing pollution: 
there are also many diverse schemes of such 
machine types, they can more fully utilize the ther- 
mal energy of combustion, and they can further 
increase the thermal efficiency. 

(3) The ESVER engine has superior dynamic equi- 
litMium performance, vibration is little, waste from 
friction is little, and mechanical efficiency is high, 
and these advantages are especially prominent at 
high rotational speed. 

(4) Change of curvature at all points on the approx- 
imately isochordal cun«l internal contour is very 
little, and change of the normal wedge angle (or 
called pressure angle) of the points of contact of the 
seaUng unit with the cylinder wall; the cylinder body 
of a Wankel-type rotary engine is approximately 
shaped like the number -8". and the curve has two 
points of inflection, in contrast, the cylinder body of 
the ESVER engine is comparatively easier to man- 
ufacture, and it is comparatively easy to seal; in the 
present invention, there are designed a self 
expanding-type sealing sheath and quasi-surface 
contact self expanding-type sealing sheath (Figs. 5- 
G and H) to suljstitute for the doctor blade line con- 
tact seal of the Wankel engine in order to form a gas 
pressure gradient in the lengthwise direction of the 
sealing surface, and it should have a comparatively 
better sealing effect as well as avoid the production 
of cracks on the cylinder surface. 

(5) Since the pressure of the gas on the sliding 
vanes inside the cylinder body is greater than on 
the arm of force between the rotors, the ESVER 
engine has very good torque output characteristics 
and extremely low fuel consumption during medium 
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and low speeds. 

(6) Once it is posstole to begin development of mul- 
tiple-cylinder cascaded high-output medium- and 

5 low-speed ESVER spark plug ignition-type diesel 
engines, suitable placement of a good numt^er of 
cylinder inlet and outlet ports shouW be designed 
so as to make the radial gas pressure acting on the 
round columnar surface of the rotor mutually bal- 
10 anced. to make the stress on the main shaft bearing 
of the rotor be in the least condition; as for high-out- 
put engines, following the inaease of linear dimen- 
sions of the engine, the ratio between the length of 
tiie sealing line and the working capacity will be 
IS gradually reduced, the sealing effect will be even 
better, and it can serve as an internal comtwstion 
engine for car or shqx 

(7) This machine uses an injection-type fuel supply 
so system, it Is convenient for testing the use of many 

kinds of fuels, and it is also convenient for utilizing 
computer technology to optimize the fuel injection 
and combustion processes so as to conserve fuel. 

25 TpgtinQ and Qutiook 

[00461 The first ESVER experimental compressor 
uses steel sliding vanes and a double coupling ring, it 
was test operated at three rotational speeds of 825, 
30 1460. and 2600rpm. and the amounts of emissions 
were respectively 2.2, 4. and 7m^/min; during testing, 
the ESVER operated stably and freely, there were no 
mart<s from contact friction on tiie tips of the sliding vane 
frames and the inner wall of the gas cylinder, tiiere was 
35 fow vtoration and low waste, and this demonstrates 
good potential for raising the speed and capacity of the 
rotors and potential for increasing the external dimen- 
sions of the machine body; the rotational speed can be 
changed using the same components such as cylinder 
40 body and rotor to develop a series of products. 

[0047] The second ESVER experimental conpres- 
sor also uses steel sliding vanes; the amount of emis- 
sions was 11.5m^/min when at 1470rpm, and tiie 
amount of emissions was 22m^/min when at 2920rpm, 
45 Specimens such as a oompact-type experimental com- 
pressor, vacuum pump, and fueHess compressor, a 
medium-sized corrpressor having 30m^/min emissions 
and 0.8MPa pressure, a k)lower having about 150- 
SOOm^Anin emissions, as well as an oil transfer pump 
so arvl gas-lk^uki two-phase pump are presently under test 
development 

[0048] Since an ESVER device is a kind of eccen- 
tric equilibrium rotating piston, it has the major charac- 
teristics of a fluid displacement machine; it is cdso 
55 similar to a completely t>alanced eccentric turtune (the 
blades can expand and contract, and at tiie same time 
it has a few of the major characteristics of turbine 
machines, therefore it can be suitable for developing 
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many kinds of commonly used mechanical products 
similar to the two types described above. Since its struc- 
ture is simple and the manufacturability is comparatively 
better, the ESVER device will first be used in all kinds of 
products such as compressors, pumps, blowers, and 
pneumatic nnotors (including large-scale gas motors 
using blast furnace coal gas overpressure power gener- 
ation), furthermore it may gradually promote expansion 
of the scope of application, and through continuous 
improvements of structures, materials, and manufactur- 
ing techniques, its rotational speed and external dimen- 
sions may be gradually increased, and the ESVER may 
be used in such fields as ships and power stations to f ly- 
ing machines, and it also may form a new type of 
mechanical system between traditional piston machines 
and traditional turbine machines. 

Ciaims 

1. An eccentric sliding vane equtlbrium rotor device 
including a rotor body placed eccentrically inside a 
cylinder body, eccentricity e. and a radial sliding 
path evenly spaced on the rotor body, characterized 
in that: the rotor txxly has a hollow part, there is at 
least one pair of equally-weighted members moving 
perpendicular to each other in the radial sliding 
path of the rotor body, and at least one of them is an 
integrally intersected sliding vane; there are central 
studs or shaft holes on said equally-weighted mem- 
bers crossing the centers of mass of said equally- 
weighted members and running parallel with the 
axis of the rotor body, and they are connected by a 
movement restraining unit; and the inertial force of 
the movement of said equally-weighted ment>ers is 
mutually balanced through said movement restrain- 
ing unit 

2. An eccentric sliding vane equilbrium rotor device 
according to Claim 1 , characterized in that the cen- 
tral studs or shaft holes of said equally-weghted 
mernbers are connected by a rigid, flexible or plia- 
t)le movement restraining unit 

3. An eccentric sliding vane equilbrium rotor device 
according to Claim 1. characterized in that said 
movement restraining unit is a coupling ring, and 
the coupling ring is fitted outside the central studs of 
said equally-weighted memtDers. so as to constrain 
the optimal center distance between the two central 
studs to e. 

4. An eccentric sliding vane equilbrium rotor device 
according to Claim 1. characterized in that said 
movement restraining unit has a connecting rod 
protruding in both directions and running parallel to 
the studs, two protruding studs are located on both 
sides of the connecting rod body, and their optimal 
center distance is e. 



5. An eccentric sicling vane equilibrium rotor device 
according to Claim 1 . characterized in that one of 
said equally-weighted members is an integrally 
intersected sliding vane, the other is a meni>er 

5 causing a balancing action, and they can form a 
single-sliding vane-type eccentric equilibrium rotor 
device. 

6. An eccentric sliding vane equilibrium rotor device 
10 according to Claim 1. characterized in that said 

equally-weighted members both are integrally inter- 
sected sliding vanes, and they can form a dual-slid- 
ing vane or four-sliding vane or six-sliding vane or 
multiple-sliding vane-type eccentric equilibrium 
IS rotor device. 

7. An eccentric sliding vane equilibrium rotor device 
according to Claim 1, characterized in that said 
integrally intersected sliding vane is constituted by 

20 a sliding vane frame and a sliding vane sealing unit 
or sealing unit assenisly: the sliding vane frame 
includes two sliding vane bodies, a liniong cross 
member between the two sliding vane txxlies. and 
a protruding stud or shaft hole in the center of the 

25 linking cross member; the sliding vane frame can 
be a single component, or it can be an integrated 
member conrposed by suitably processing a plural- 
ity of components, and the eccentric sliding vane 
equilibrium rotor device has at least one sliding 

30 vane frame; tiie sliding vane sealing unit or sealing 
unit assembly includes an elastic element and a 
linkage unit it has a T-shaped sealing unit or wear- 
resistant spring-type scaling unit sealing the tip of 
the sliding vane, and a self-exparKling-type sealing 

35 sheath or setf-expanding-type quasi-surface con- 
tact sealing sheath sealing the entire sBding vane 
body 

8. An eccentric sliding vane equilibrium rotor device 
40 according to Claim 1, diaracterized in ttiat said 

rotor body can have a half-hollow part or have a sin- 
gle hollow part or have a plurality of hollow parts. 

9. Use of eccentric sliding vane equilitxium rotor 
45 devices according to Claim 1 in vEuious kinds of 

compressors, pumps, blowers, and nrxrtors. 

10. An energy-saving mult^le-fuel rotary engine, utiliz- 
ing an eccentric sliding vane-type equilbrium rotary 

so compressor and an eccentric sliding vane-type 
equilibrium rotary gas motor being cascaded coax- 
ially. and being connected t>y a comtxistion cham- 
k>er theret^etween. 

55 



12 



<EP 10iagB5A1 I > 



/ • 



1 , 



EP1 016 785 A1 





XXID: <EP 10167B5A1 J_> 



13 



EP1 016 785 A1 




FIG.4 



TOD: <EP_101678SA1J_> 



14 



EP 1 016 785 A1 




FIG.5 



15 



EP1 016 785A1 



M St 




FIG.6 



OCID: <EP 10ie7BSA1J_> 



16 



EP1 016 785 A1 





OCIO: <EP .lOieTBSAI 



17 



EP 1 016 785 A1 





19 



EP1 016 785 A1 





Xlft <EP_101«7BeA1 J.> 



20 




ISOOCtD: <EP_1016785A1J_> 



21 



EP 1 016 785 A1 



INTERNATIONAL SEARCH REPORT 



International appScatlon No. 

PCT/CN 98/0007B 



A. CLASSIFICATION OF SUBJECTMATTER 

IPC* F04C 18/344. 2^4, F01C 1/344 
Acconfing to International Patent Oastifficatton OPC) or to both n a t w n il lianHirMt'wn and IPC 



B. HELDS SEARCH 



MWmum documa nta lion searched (ci aftalfi c j Uoh lyatem fcilowad by dassilicaion awbolus) 

IPC* F04C2/34.2/344.18m.18/344.F01 C1/34.1/344 



Oooi m e nteli enaearehadoitwthanninin^rndo cu iiieii U liontot^ 

CHINESE INVENTION 1985*1997. CHINESE UTILITY MODELS 1985-1997 



EMiofte date base oonniltod during the international aearcti (name of 

COMPRESSOR, PUMP. ENGINE. VANE BALANCE PIN PROJECTION 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category- 



Caationotdocumerit,wahindicalion.wtw a| j|ao|ir Ute .pflheff^^ 



Reievam 10 daim No. 



USA4.958.995 ( EAGLE INDUSTRY CO.. LTD. )25 SEPTEMBER 
1990(25.09.90) 

SEE TOTALITY 

US.A.4.929.1 59 ( HITACHI LTD. ) 29 MAY 1 990 (29.05.90) 
SEE TOTALITY 

US A4.41 0,305 ( WAYNE C. SHANK . THOMAS C. EDWARDS ) 
18 OCTOBER 1983 (18.10.83) 
SEE TOTALITY 



1—10 



1—10 



1—10 



in Further documents-- are isted in the oontinuaiion of Box C. fxl See patent family annex. 



SoadtfoiagmOTOl 



•A- 

-r 



aocufnoni CMMrany wtt gsnoiv Wmm or vie an wnot ■ noi 
1 to be cf pertcular relBVBnoe 



UobuiiMnl pi<»Bin<d 
deli and not in 



Ming dele or 
tut died to 



eerlisf docunwnl but pufaliihetf on or oiMr ttio nlMmkonol Mng 



doouncNi w^Kti iney DiraMv douMB on eriori^r Btoini(t) or vAiicfi to 
otod to totobish lie pubiicalRin dflto of enoOiof ciMion or ottior 



z 9w dsinwd inwiUon con not bo 



mita 



dooumoM lOtannQ id ttt 



boing obMOUs to • peroon sldtod ■ 
RMmbar at Sio wno patent teinly 



ftogdatobUtti 



Date of the actual completton of tw interrabonaJ search 
2 September 1996(02.09.96) 



Data of mailing of the intemationai search lepoit 

17 SEP 1998 a7.09.9g> 



Name and mattng address of the iSA/CN 
Chinese Patent OfHoe 

hto. 6 Xltucfieng Road. Jlmen Bridpe, Haidian Oistrfcl 
100088 BBJING. P.RofCHlMA 
I No. 66-10.62019451 



Telephone No. a6»1 0-6209372? 



J 



Form PCT / ISA 210 (second sheet ) (July 1992) 



OCID: <EP_10167B5A1J.> 



22 



EP 1 016 785 A1 



INTERNATIONAL SEARCH REPORT 



Intemaiionat appBcafion No. 

PCT/CN 98AXI078 



C<Conttnuatlon). DOCUMENT OONSIOERED TO B£ RELEVANT 






Relevant to ctefan No. 


A 


CNA1 130240 ( LI.TIAM^AO ) 04 SEPliEMBER 1996 (04.09^) 
SEE TOTALITY 


1—10 


A 


OE>^504547 ( ARMATECFTS-ARMATUR ) 1 1 SEPTEMBER 1986 
(11.09.86) 

SEE ABSTRACT 


1—10 



PQnnPCT/l8A210(conttmtatenof second sheet ) (Juiy1992) 



XID; <EP 10ie786A1J,> 



23 



EP1 016 785 A1 



INTERNATIONAL SEARCH REPORT 

Information on patent family member 



No. 

PCT/CN 98A00078 



Patant document 


PubUeatton 


Patent famly 


PUbfication 


dtad In search report 


dalB 


monAOfto) 


date 


US^9S8995 


2&O9-90 


KR-B-0207283 


29-06-02 






JP'd-SOSSdBS 


254)4-91 






JP-B-7068949 


26-07*95 


• 




JP-8-7066950 


26-07-95 






JP-A-63124a85 


28-05M 






DE^3724128 


04-02-68 






FR^2602011 


29-01-68 






KR-B-9309734 


09-10-93 






JP-A-1104994 


21-04^ 




18-10^ 


1L-A.8S894 


31-08-82 






FR-A-2507256 


10-12-82 






AU-A.84014/82 


16-12-82 






D&V3220556 


24-02-83 






BR«A4203016 


104KM3 






JP'A^1074B3 


17-11-83 






CA^1191495 


0508^ 






AU-B-558372 


2M1-«7 


CN-A-1130240 


04-09-96 






DE<A.3S04547 


11-00-86 


* 





Form PCT/ ISA 210 ( patent famfly annex) (July 1092) 



OCID: <EP_10167B5A1J_> 



24 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

P BLACK BORDERS 

(3 IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
0 FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

]2 COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



Page Blank (uspto) 



